It is well known that cutaneous input is used to functionally sculpt motor 99 output during locomotion (Zehr and Stein, 1999) . For example, functionally tuned 100 cutaneous reflexes are expressed during relevant phases of the gait cycle. perturbation reactions that preserve the ongoing rhythmic action as previously 114 described in the leg (Klimstra et al., 2011) . Currently, the role of long-term task-115 specific experience (training) in shaping these cutaneous reflex patterns is not 116 fully understood. 117
Clearly, adaptive plasticity can be expressed in human reflex pathways 118 (Haridas et al., 2006) and there are many examples of experience or training 119 effects observed in muscle afferent pathways, such as the H-reflex. For example, 120 after children with cerebral palsy underwent treadmill training for 10 minutes per 121 day for 10 consecutive days, soleus H-reflexes were depressed during the swing-122 phase of the gait cycle compared to pre-training values while the H-reflex 123 amplitude during standing did not change (Hodapp et al., 2009 ). Additionally, leg 124 cycling training can also result in changes in soleus H-reflex amplitudes. H-reflex 125 amplitudes were decreased during a skillful leg cycling task (maintaining a 126 constant cycling speed during variable resistance changes) compared to cycling 127 at a constant resistance or no cycling (Mazzocchio et al., 2006) . Furthermore, 128 improvements in performance during the skillful leg cycling task were correlated 129 to the decrease in H-reflex amplitude (Mazzocchio et al., 2006) . Together, these 130 studies suggest that specific training of a rhythmic task can affect the gating of 131 peripheral afferent feedback (as implied by the decrease in size of the H-reflex). 132
Animal studies have also demonstrated the plasticity of reflex 133 transmission following locomotor training. It has been reported that spinalized 134 cats that underwent daily locomotor training sessions showed modifications in 10 135 of 71 measured cutaneous afferent-motorneuronal pathways (Cote and Gossard, 136 2004 ). The majority of the pathways that had decreased responses were involved 137 in innervating the plantar surface of the foot (Cote and Gossard, 2004) . Another 138 study found that after partial cutaneous denervation (cutting all except the tibial 139 nerve) of the hind paw in the cat, there was a gradual and long-lasting increase in 140 the cutaneous reflex response to stimulation of the tibial nerve during the swing 141 phase of the gait cycle and a decrease in the threshold required to elicit a 142 response (Bernard et al., 2007) . These changes were significantly greater than 143 the modifications in background EMG caused by the neurectomy (Bernard et al., 144 2007 ). These studies show that the locomotor system is able to reorganize in 145 response to both active training (Cote and Gossard, 2004 ) and chronic change in 146 sensory feedback (Bernard et al., 2007) . This may occur through changes in 147 spared cutaneous pathways independent of an increase in motoneuron 148 excitability. The efficacy of motor training on changes in locomotor circuits could 149 be mediated via interactions with other reflex pathways (Cote and Gossard, 150 2004) . 151
Many people with physical disabilities rely on manual wheelchairs for their 152 daily mobility. Manual wheeling involves repetitive use of the arms to provide 153 locomotor propulsion, providing significant daily task-specific training of the arms. 154
This provides a unique opportunity to study the effect of experience in a 155 distinctive upper limb locomotor task on the modulation of cutaneous reflexes 156 during rhythmic arm movements. Thus, the purpose of this study was to examine 157 the effect of chronic use of the arms for locomotion on cutaneous reflex 158 amplitude modulation in experienced manual wheelchair users compared to able-159 bodied subjects (i.e. non-wheelchair users). To determine if experience in manual 160 wheeling can be generalized to other upper limb rhythmic movements, we also 161 compared the amplitude modulation of cutaneous reflex modulation between 162 manual wheeling and symmetrical arm cycling. We hypothesized that 163 experienced MWUs would demonstrate larger reflexes across the movement 164 cycle, for both manual wheeling and symmetrical arm cycling, compared to able-165 bodied subjects. Since this work has never been conducted in manual wheeling, 166 this study also provides reference data on the pattern of reflex modulation in this 167 task. We further hypothesized that reflexes during manual wheeling would be 168 modulated according to the phase of the wheeling cycle, similar to what has been 169 observed during symmetrical arm cycling. 170
METHODS 171

Subjects 172
Thirteen (4 males, 9 females) able-bodied (AB) control subjects who were 173 inexperienced manual wheelchair users and 9 (5 males, 4 females) experienced 174 manual wheelchair users (MWUs) with 2-29 years of experience were recruited 175 to participate in this study. The mean age of the AB group was 26.1 (SD 1.5) 176 years and their mean weight and height was 64.2 (SD 7.5) kg and 171.4 (SD 9.1) 177 cm, respectively. The mean age of the MWU group was 44.7 (SD 11.9) years 178 and their mean weight and height was 68 (SD 17) kg and 175.3 (SD 12.6) cm, 179 respectively. All MWUs had a spinal cord injury at or below the T1 level and had 180 used a manual wheelchair as their primary mode of mobility for an average of 181 15.8 years. All subjects were capable of manual wheeling for 5-10 minute spans. 182
Subjects were excluded from the study if they had any injury to their arms or if 183 they had upper limb or nerve pain that would prohibit them from wheeling a 184 manual wheelchair, as assessed by the Wheelchair Users Shoulder Pain Index 185 (WUSPI) (Curtis et al., 1999) . This study was approved by the Behavioural 186
Research Ethics Board of the University of British Columbia. All subjects 187 provided written and informed consent prior to beginning the study. 188
Protocol 189
All subjects performed two rhythmic movement tasks (each at 60Hz) for 190 approximately eight minutes each: 1) manual wheeling; and, 2) symmetrical arm 191 cycling (Fig. 1) . For manual wheeling, MWUs used their own manual wheelchair 192 while AB subjects used a fitted Elevation wheelchair (Instinct Mobility, 193 Vancouver, BC). Wheelchairs were secured to rollers and subjects wheeled at 194 their own comfortable self-selected manual wheeling speed. All subjects were 195 given adequate time to familiarize themselves with the rollers and to find a 196 comfortable manual wheeling cadence. To ensure that the cadence did not 197 change throughout the course of the study, a metronome synchronized to the 198 self-selected cadence was used to cue the subjects. Instruments, West Warwick, RI). For each subject, the radiating threshold was 212 identified. Radiating threshold (RT) was defined as the minimum stimulus 213 intensity required to elicit a non-painful sensation spreading over the largest area 214 of skin supplied by the nerve. To evoke reflexes, the target stimulus intensity was 215
Stimuli were delivered randomly every 3-5 seconds throughout the symmetrical 218 arm cycling and manual wheeling conditions. This ensured that each subject 219 received between 96-160 stimulations per task. 220
Data Recording 221
Data from all subjects were recorded from the right side of the body. 
Data Analysis 249
Kinematic, EMG and nerve stimulation data were synchronized by an 250 external trigger pulse signal and divided into cycles based on maximum shoulder 251 extension. For graphical purposes, data were normalized in time to 100% of the 252 cycle. For each subject, the EMG data for each muscle was normalized to the 253 peak rectified EMG value of that muscle during non-stimulated manual wheeling 254 or symmetrical arm cycling for later descriptive group analyses. Shoulder, elbow, 255 and wrist angles were also calculated from non-stimulated cycles and averaged 256 for both groups for descriptive purposes. 
Statistical Analysis 276
The significance of all statistical tests was evaluated at p< 0.05 and 277 conducted using SPSS 18.0 (SPSS Inc. Chicago, Il, USA). 278
To determine if potential differences between tasks were directly related to 279 differences in EMG BG between tasks, a Pearson correlation was performed on 280 the absolute difference between the EMG BG and EMG SUB between the two tasks. 281
The absolute difference would allow for any correlations with suppressive reflex 282 values to be evaluated. 283 Fig. 4D ). There were no significant task X bin interaction effects in the 323 extensor carpi radialis (F(1,1,7) = 1.46, p=0.244, Fig. 4E ) or flexor carpi radialis 324 (F(1,1,7) = 2.34, p = 0.112, Fig. 4F ). 325 AD: Post hoc tests showed that there were significant differences between 326 manual wheeling and cycling in bins 1, 2, 5, 6, 7, and 8 (Fig. 4A, For BB and TB, we found no significant differences between manual 373 wheeling and cycling in the post hoc analysis. 374
An analysis was conducted to determine if potential differences between 375 tasks were directly related to differences in EMG BG This study compared cutaneous reflexes evoked by stimulation of the 385 superficial radial nerve during symmetrical arm cycling and manual wheeling in 386 able-bodied individuals and spinal cord injured MWUs. There was no effect of 387 group for either manual wheeling or symmetrical arm cycling, suggesting that the 388 years of manual wheeling experience and the reliance on manual wheeling for 389 locomotion did not affect the pattern of cutaneous reflex modulation in the 390 superficial radial nerve during rhythmic upper limb activities. However, we did 391
show phase-dependent modulation of reflex amplitude that differed between 392 manual wheeling and symmetrical arm cycling. The lack of correlation between 393 EMG BG and EMG SUB suggests that the phase-dependent modulation of 394 cutaneous reflexes observed here cannot be primarily ascribed to changes in 395 motoneuronal excitability across the movement cycle. 396
Experience and reflex modulation patterns 397
We hypothesized that the excitability of cutaneous afferent reflex 398 pathways would change with manual wheeling experience (> 1 year of 399 experience), however we did not observe any differences between the two 400 participant groups. This was surprising as previous work showed that with 401 repeated practice of a functionally relevant motor task, adaptations in the nervous 402 system could be discerned through changes in reflex pathways (Trimble et however their H-reflex amplitudes were not different compared to a group of non-409 athletes (Nielsen et al., 1993) . The moderately and well-trained groups were 410 aerobically trained, which has been shown to increase reflexes (Casabona et al., 411 1990 ). In our study the experienced MWUs were well-trained in manual wheeling, 412 but it is unknown whether they differed in terms of aerobic fitness compared to 413 the AB group. 414
We stimulated the superficial radial nerve, which innervates the dorsal part 415 of the hand. It is possible that we did not see differences between the AB and 416 were significantly different between the swing phase of the gait cycle and 446 corresponding phase of cycling (Zehr et al., 2007a) . More specifically, the middle 447 latency reflex response, during the swing phase of gait, is significantly more 448 facilitatory in the vastus lateralis and biceps femoris and more inhibitory in the 449 tibialis anterior compared to leg cycling (Zehr et al., 2007a) . The reflex pattern 450 during walking has been described functionally as a stumble corrective response 451 which enables knee flexion and reduced ankle dorsiflexion to overcome an 452 imposed obstacle during swing (Zehr et al., 1997) . This has also been observed 453 during leg cycling (Mileva et al., 2004 , Zehr et al., 2009 . 454
The hand contact/non-contact phases during manual wheeling could be 455 comparable to stance phase and swing phase in the lower limbs during walking 456
and it is tempting to speculate that some of the reflex response patterns we 457 observed here could be analogous to well-described reflex responses during gait. 458
In AD, PD, TB and BB we see an overall trend of larger early latency reflex 459 response in manual wheeling compared to symmetrical arm cycling during the 460 recovery phase. The increased early latency reflexes in BB and TB during the 461 recovery phase could be analogous to the stumbling corrective response 462 observed in the leg during the swing phase of gait. A functional interpretation of 463 this response pattern could be that a cutaneous perturbation to the hand dorsum 464 during the recovery phase of wheeling ("swing phase") will elicit reflexes to 465 promote elbow flexion (BB) and shoulder extension (TB). At middle latency there 466 were only significant differences between reflex responses observed in AD and 467
PD. An interesting observation is that manual wheeling had excitatory responses 468 in AD during power/propulsion with no response or small suppression during 469 recovery while the reflex responses during symmetrical arm cycling were the 470 opposite. This reversal in reflex response is similar to what is observed in the 471 tibialis anterior when walking is compared to leg cycling and could be related to 472 functional differences between the roles of the muscles during each task (Zehr et 473 al., 2007b) . In a study of the neuromechanical correlates of cutaneous reflexes 474 during arm cycling, similar functions were suggested as for the legs during 475 walking. That is, cutaneous inputs are useful for overall trajectory stabilization in 476 response to perturbations (Klimstra et al., 2011) . However, the responses in the 477 arms are more complex to interpret than those in the legs due to the differences 478 in fractionating portions of the step cycle. 479
Conclusion 480
In summary, we did not find evidence that experience in manual wheeling 481 influences the amplitude of early and middle latency cutaneous reflexes from the 482 superficial radial nerve during upper limb rhythmic tasks. However, we did find 483 several differences in the pattern of phase-dependent modulation of these 484 reflexes between symmetrical arm cycling and manual wheeling, which could be 485 related to differences in the functional mechanics in these two tasks. While these 486 observations are consistent with a common regulation of rhythmic neural control 487 of the arms sculpted to the specific demands of each task, further mechanical 488 investigation of these responses is necessary to properly evaluate their function. 489
Results from this study could be used to further our understanding of the neural 490 control and function of manual wheeling and potentially be used in upper limb 491 mobility research related to injury prevention and the development of 492 rehabilitative strategies and assistive devices. Early latency reflexes during wheeling and arm cycling
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Middle latency reflexes during wheeling and arm cycling
